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Abstract

Mixed waste is a growing nationalproblem. Annual generationof mixed waste is estimated to be
30,000 m3/yr, and an estimated300,000m3 of low-levelmixedwaste is now in storagenationally. Few
acceptabletreatmentand disposalmethodsfor mixed wasteare currentlyavailable,resultingin increased
storage requirements at DOE and other mixed waste generators’facilities. It is expected that without
developmentof crediblesolutionsfor the disposalof thesewastes,authorityto storemixedwasteunderthe
FederalFacilitiesComplianceActof 1992(FFCA)willbejeopardized.

The Mixed Waste ManagementFacility (MWMF)at the LawrenceLivermoreNational Laboratory
(LLNL)wasdesignedto serveas a nationaltestbedto demonstrateintegratedtechnologiesfor the treatment
of low-levelorganicmixedwasteat a pilot-plantscale.Pilot-scaledemonstrationof.thetechnologiesserves
to bridge the gap between mature,bench-scaleproventechnologiesand fill-scale treatmentfacilitiesby
providingthe infrastructureneededto evaluatetechnologiesin an integrated,front-endto back-end,facility.
In this coptext, “integrated”means that the facility was designedto demonstratestate-of-the-artwaste
characterizationand feed preparationtechnologies,the best maturetreatmentsystems,and the preparation
of robustceramicfmrdformsas a systemrather than individually.The front-endconsistsof waste receipt,
initial screening, characterizationand sorting, and preparation.Consistent with the intent to focus on
technologies that are ready for pilot scale deployment,the front-end handlingand feed preparation of
incoming waste material has been designed to demonstrate the application of emerging robotic and
remotelyoperatedhandlingsystems.

Remoteoperationshavetraditionallybeenperformedby severalclassesof master-slavemanipulators
includingteleoperators,telemanipulatorsand telerobots. As one movesfrom teleoperatorsto telerobots,
the abilityto controlthe systemin an autonomousmannerincreases.Teleroboticsprovidesthe flexibility
needed to increase or decrease the amount of automationor operator interventionaccording to task
complexity. It also provides an inherentbackup in that it can be operated in a teleoperatedmode as
required. Telerobotics was chosen for deployment in MWMF over manual, teleoperated or filly
automateddesignsfor wastecharacterizationand sorting.Thechoicewasbasedon expectedlevelsof risk
associatedwith processingtypicalDOEmixedwaste,thebench-scalematurityof the technology,and the
potentialto advancethe technologyto increaseproductivityof operations.

As part of the MWMFdesigneffort in telerobotics,engineeringdevelopmentwas performedfirst on
a PUMA 560 system and then on a plant prototypicSchillingTitan III system. The primary goal of
MWMF’sengineeringdevelopmentworkin teleroboticswasto reducethe technicalrisk of deployingthe
technology in MWMF by answering key technical questions through focused developments and
demonstrations.The work focusedon integratingkey tools to, 1) make a robustteleroboticsystemthat
operatesat speedsand reliabilitylevelsacceptableto wastehandlingoperatorsand, 2) to demonstratean
efficient operator interface that minimizes the amount of special training and skills needed by the
operator.

This paper describesthe designandoperationof the prototypeteleroboticwastehandlingand sorting
svstem that was develoDedfor MWMF. The work was uerformed at LLNL in collaboration with
~chillingRoboticSyste~s and with the supportof OakRidg; NationalLaboratory.Key systemelements
that contribute to robust teleoperation include a truly seamless transfer between teleoperation and
autonomous operations,a major advance in whole-arm-to-whole-workcellcollision avoidance that is
operationalduring all autonoinousand teleoperationalmoves,forcecompliantarm behavior,and a real-
time on-the-flycollision-freepath-planner.The operatorinterfaceis keyboard-lessand demonstrateskey
elementsof the MWMFdesignincludinga force-reflectinghand controllerthat providesoperatorinputs
in a novel hybrid positionhatemode, a speaker-independentnatural language-basedvoice recognition
system,and a reconfigurablegraphicsand videodisplaysystemthatcan be tailoredto the operator. The
system has been in operationsinceJune, 1996and is expectedto be completeand ready for testing with
wastehandlingtechniciansin September,1996.
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